Poor outcomes of hepatocellular carcinomas (HCC) in chronic kidney disease (CKD) patients are well described. Transarterial therapy is the standard treatment for HCC, following which regular contrast-enhanced imaging for residual disease is recommended. CKD is considered a relative contraindication for transarterial therapy owing to renal failure.
Introduction
Hepatocellular carcinoma (HCC) is the fifth most common malignancy worldwide and remains the third leading cause of cancer-related death in the last decade. [1, 2] Incidence rates of HCC vary widely between geographic regions and are highest in Eastern Asia and sub-Saharan Africa. [1, 2] North and South America are low-incidence areas with fewer than five cases reported per 100,000 population per year. [2] The global mortality-to-incidence ratio for HCC is 0.95 and 5-year survival is only 6.9%. [2] In Taiwan, HCC is the second most common cause of cancer-related death and the standardized mortality rate was 22.3 in 100,000 people in 2016. [3] Liver cirrhosis and HCC are often comorbid at the time of diagnosis and it is well known that advanced cirrhosis may predispose a patient to renal insufficiency or chronic kidney disease (CKD). [4] HCC was associated with higher prevalence of CKD than any other cancer; [5] therefore, CKD is commonly seen in patients with HCC.
Multiple treatment options are available for HCC including curative resection, liver transplantation, radiofrequency ablation, transarterial therapy, radiotherapy, and treatment with systemically targeted agents. In patients with early-stage HCC, curative therapies such as resection or radiofrequency ablation can provides a potential cure; however, 60% to 70% of patients are not eligible for these treatments. [6] Transarterial therapy is the most common procedure for the treatment of unresectable HCC and can prolong the survival. [7] However, acute renal failure is a severe complication that occurs in HCC patients with preexisting CKD who undergo transarterial therapy. [8] Consequently, HCC patients with CKD may have limited treatment options when seeking effective therapy resulting in worsened outcomes. [9] The principle of transarterial therapy is to obliterate the hepatic artery supply to the tumor and/or deliver drugs, thereby halting or slowing tumor progression. This procedure is an effective therapeutic option in unresectable HCC and liver metastases. [10] Until now, there have been fewer studies that specifically evaluated the outcome of transarterial therapy in HCC patients with CKD.
The primary aim of this study was to investigate the risk factors of CKD in patients with HCC. The secondary aim was to explore the impact of transarterial therapy for HCC patients with CKD by analyzing the changes in renal function, adverse events, and long-term survival.
Materials and methods

Study design
We retrospectively reviewed medical records of 474 patients who had an HCC diagnosis from January 2014 to December 2016. Of these, 339 patients were excluded because they did not receive transarterial therapy, received other treatments for HCC before transarterial therapy, or failed to maintain regular follow-up. Three patients with end-stage kidney disease on dialysis were excluded from this study due to the impact of dialysis on the residual kidney function. Therefore, a total of 132 patients were ultimately enrolled in this study. The data was obtained from MacKay Memorial Hospital, and all data was collected based on the first transarterial therapy session of the study patients. Demographic, clinical and laboratory data was collected and mortality rates were analyzed. This study was approved by the Institutional Review Board of Mackay Memorial Hospital (reference number: 19MMHIS029e). This was an anonymous observational study, so the need for informed consent was waived.
Diagnosis and variable definitions
HCC was diagnosed with alpha-fetoprotein and imaging studies such as ultrasonography, radio-contrast enhanced tri-phasic dynamic computed tomography and/or magnetic resonance imaging. [11] If an atypical vascular pattern of a liver tumor was observed on imaging modalities, a biopsy would be arranged for histological evidence of HCC. [11] Patients with underlying cirrhosis were evaluated based on the Child-Pugh classification. Staging of HCC was done based on the Barcelona Clinic Liver Cancer (BCLC) staging protocol. [12] The baseline serum creatinine level was determined as the most recent creatinine measurement before each transarterial therapy. The estimated glomerular filtration rate (eGFR) was computed using the 4-variable modification of diet in renal disease study equation. [13] The patients were divided into 2 groups according to their eGFR. The first group was the non-CKD group, consisting of patients with eGFR ≥ 60 mL/min/1.73 m 2 . The second group was the CKD group, which included patients with eGFR < 60 mL/min/1.73 m 2 . Acute renal failure was defined as an increase in serum creatinine concentration of 0.5 mg/dL or 25% above the baseline within the first 7 days of therapy. Liver failure was defined as an increase in serum bilirubin level (≥ 2.0 mg/dL), increasing or newly developed ascites or hepatic encephalopathy within 2 weeks of therapy.
In this study, transarterial embolization and transarterial chemoembolization were both classified as transarterial therapy. The Seldinger technique of arterial embolization was carried out in our hospital. Superior mesenteric and celiac arteriograms were obtained by using the transfemoral approach, followed by common hepatic, proper hepatic, and right and left hepatic arteriograms by injecting a radiocontrast agent (OPTIRAY, 74%, 100 mL, Mallinckrodt). An infusion of Lipiodol (Laboratoire Guerbet, France) and/or Doxorubicin (Pfizer, USA) was administered into the feeder vessels. The amounts of doxorubicin (10 to 150 mg) and lipiodol (2 to 30 mL) were determined according to the size and number of the tumor(s). The degree of embolization was controlled by the operator until the tumor stain had disappeared.
Peri-procedural hydration and/or oral acetylcysteine was prescribed at the physicians' discretion. After transarterial therapy, laboratory investigations including blood cell counts and biochemical tests were carried out within 1 week. Posttreatment follow-up including renal and liver function evaluation was carried out in 1 month and contrast-enhanced dynamic imaging was performed 1 to 2 months after the procedure.
Statistical analysis
Descriptive statistics for continuous variables were reported as mean ± standard deviation. Categorical variables were described using frequency distributions and reported as n (%). Student's t test was used to compare the means of normally distributed continuous variables. The chi-square or Fisher exact test was used to compare categorical variables. To investigate the risk factors for CKD in HCC patients, the logistic regression models were applied. The survival distributions of CKD and non-CKD patients were assessed using the Kaplan-Meier method, and the differences were evaluated using the log rank test. Statistical analysis was performed using the STATA statistical package (version 15.0; Stata, College Station, TX).
All P values are two-sided and P < .05 was considered statistically significant.
Results
Patient characteristics
There were 132 HCC patients who had received at least one session of transarterial therapy for initial diagnosis of HCC was enrolled. Among them, 36 HCC patients had CKD and received 58 sessions of therapy. The non-CKD group consisted of 96 patients who were treated with 245 sessions of therapy.
The mean age at entry was 65 ± 13 years, and 92 (72%) patients were male. The age of the CKD patients was higher than that of the non-CKD patients (P = .01). The CKD group had a higher hepatitis C virus (HCV) carrier rate than non-CKD group (P = .02) relating to the cause of HCC. It also had higher comorbidities of hypertension (P < .01) and diabetes (P = .04) ( Table 1 ). There was no statistical difference in these 2 groups for the tumor burden of Alpha-fetoprotein, BCLC classification, and tumor size and numbers ( Table 1) .
The multivariable logistic regression model indicated that hypertension, HCV carrier and diabetes mellitus were independently factors associated with CKD in HCC patients and the odds ratio (OR) were 5.06, 4.12, and 3.62. (Table 2) . Having a previous history of hyperlipidemia was a protective factor (OR = 0.13).
Transarterial therapy and adverse events
Transarterial chemoembolization was performed less in the CKD group than the non-CKD group (P < .01) ( Table 3 ). There was no difference in dose of administered drugs in both groups. The CKD group had a higher rate of acute renal failure and sepsis compared to non-CKD group (P < .01 and P < .01, respectively). Acute renal failure occurred in 20.7% treatment sessions for CKD patients, and in 5.3% treatment sessions for non-CKD patients (P < .01). One non-CKD patient received temporary hemodialysis for renal failure. There were no differences in the adverse effect of liver failure and gastrointestinal bleeding. The CKD group had a statistically significant higher mortality rate than the non-CKD group after therapy (P < .01) Figure 1 shows the impact of transarterial therapy on renal function: the eGFR in CKD group decreased 13.7% from baseline after therapy and this change was found to be statically significant. In the non-CKD group, the eGFR decreased 2.2% from baseline without significant changes after treatment. One month after the procedure, renal function returned to the baseline in both groups.
Prognosis and outcome
The CKD group had a lower survival rate compared to the non-CKD group (P < .01) ( Table 4 ). During the observation period, 28 (77.8%) CKD patients and 51 (53.1%) non-CKD patients died (P = .02). The most common cause of death was progression of HCC, followed by sepsis and decompensated cirrhosis ( Table 4 ). There was no significant difference in the cause of mortality in the both groups.
There was a significant difference in the survival rate from initial diagnosis of HCC to patient death between CKD and non-CKD patients (P < .01) (Fig. 2) . The 1-year and 2-year survival rates were 45.6% and 20.7% in the CKD group and 81.2% and 63.7% in the non-CKD group.
Discussion
This study demonstrated that the risk factors for CKD in HCC patients are hypertension, diabetes, and HCV carrier. Transarterial therapy for HCC patients with CKD had a significant influence on renal function and increased mortality. Even with aggressive transarterial therapy and follow-up imaging, CKD patients still had inferior outcome and prognosis of HCC.
The well-known risk factors of CKD are advanced age, diabetes, hypertension, hyperlipidemia, coronary heart disease, recurrent kidney infection, glomerulonephritis, and abnormal kidney structure. [14] HCV infection and cirrhosis are also recognized causes of CKD and are associated with reduced survival in the CKD population. [14, 15] The prevalence rate of CKD is 12.8% among cancer patients, and kidney cancer has the highest prevalence of CKD, followed by liver cancer (17.6%). [5] Transarterial therapy improves survival in cirrhotic patients with unresectable HCC. [7] However, liver cirrhosis is an important risk factor for acute renal failure during therapy because it is associated with diminished perfusion to the kidneys from peripheral vasodilatation and decreased production of compensatory vasodilators from the kidneys. [16] Acute deterioration in renal function due to contrast media administration is also a common complication after transarterial therapy in those receiving it intravenously. [8, 17] The mechanism of contrast-induced nephropathy (CIN) is a combination of renal vasoconstriction and direct contrast toxicity to the renal tubules [17] Many risk factors are associated with CIN, such as CKD, diabetes, age > 70 years, concurrent administration of nephrotoxic drugs, congestive heart failure, hypertension, and anemia. [18] Among these factors, CKD is the most important. [18] Periprocedural hydration, prophylactic hemodialysis, agents of acetylcysteine, and ascorbic acid are recommended after contrast exposure in high-risk patients. [18] Current studies show temporary prophylactic hemodialysis is ineffective, or even harmful for CKD stage 3 populations, but hemodialysis has favorable effects for patients with stage 4/5 CKD. [18] In this study, transarterial chemoembolization is performed less often in CKD patients, due to a belief among physicians that it can cause kidney injury. Doxorubicin, the key chemotherapeutic drug for HCC treatment, has toxic effects on organs such as the heart and liver, which may lead to modulation of blood supply to the kidney and alter xenobiotic detoxification processes, consequently contributing to nephropathy. [19] One Table 4 Outcome of HCC in transarterial therapy in CKD and non-CKD groups. study revealed that transcatheter arterial chemoembolization is feasible in CKD patients by instituting periprocedural hemodialysis. [20] CKD is well-known to be associated with increased allcause mortality. [21] Another study has shown that, with regard to other risk factors related to mortality, there was no statistically significant difference in cancer patients with diabetes or hypertension. Therefore, CKD is a strong independent prognostic factor for mortality among cancer patients. [5] Our result consistently showed an inferior outcome in HCC patients with CKD.
CKD
Due to the lack of evidence-based guidelines, CKD has been regarded as a relative contraindication for transarterial therapy by many clinicians in the past. [22] However, there is no underuse of necessary diagnostic imaging or intervention in real-world practice. Therefore, it is not the difference in treatment modalities and management that affects the higher mortality in HCC patients with CKD. Thus, the higher mortality in CKD patients might have other causes. CKD is associated with higher inflammatory factors, endothelial dysfunction, and enhanced coagulation, which increase the risk of infection. [5] On the other hand, malnutrition and frailty in CKD individuals could make them more likely to die from acute illness and suffer from more toxicities after treatments. [5] Our study has several limitations. First, it was retrospective in nature, had a small sample size, and carried a probable patient selection bias inherent to a tertiary medical center. Second, there was no standard protocol of peri-procedural hydration and not each patient collaborated with the nephrologists, which may have caused the poor outcome and higher mortality in CKD patients. Finally, most patients in the CKD group had eGFR between 15 and 60 mL/min/1.73 m 2 . Therefore, those patients with coexisting severe renal dysfunction were not analyzed.
Conclusions
Our study shows that renal failure and sepsis are common adverse events following transarterial therapy for HCC patients with CKD. The inferior survival of CKD patients is not related to less frequent imaging follow-up or therapy. Future studies are warranted on a larger number of such patients to assess additional factors that may predict poorer outcomes.
